Translational control of gene expression is an important component of the regulation of cellular differentiation and development. To elucidate the function of the 3 0 untranslated region (UTR) of the nanos2 gene in mice, we compared the phenotypes of lacZ knock-in mice with or without a native nanos2 3 0 UTR and found that this region of the nanos2 gene has a potential role during translational regulation in germ cells. The nanos2-3 0 UTR functions to repress the translation of mRNA in oocytes, but enhances the production of protein in the male gonads. To further understand the significance of the nanos2 3 0 UTR in vivo, we generated the mouse line nanos2 pA/pA , which lacks this region endogenously. In nanos2
Introduction
In a variety of organisms such as Drosophila, Caenorhabditis and Xenopus, the germ cell lineage is specified by asymmetrically localized cytoplasmic components, known as the germ plasm (Ephrussi et al., 1991; Ikenishi, 1998; Kloc et al., 2001; Lehmann and Ephrussi, 1994) . Nanos is one of a number of molecular components that is localized in the germ plasm and its 3 0 UTR is necessary for both its localization and translational control (Gavis and Lehmann, 1994; Micklem, 1995) . In the early Drosophila embryo, the translation of nanos transcripts that have been synthesized in the nurse cells is repressed unless they are directed to the posterior poles (Gavis et al., 1996a) . This repression of nanos mRNA is mediated by both a 90-nucleotide translational control element (TCE) in its 3 0 UTR, and by the TCE-binding protein Smaug (Dahanukar et al., 1999; Gavis et al., 1996b; Smibert et al., 1999) , which recruits another essential component, Cup (Nelson et al., 2004) . In the posterior pole, translation of nanos mRNA is activated by Oskar, which is a factor that can compete with Cup for the binding to Smaug (Nelson et al., 2004) . In Zebrafish, the nanos1-3 0 UTR functions to protect the nanos transcripts from degradation in the germ cells, whereas it plays a key role in the degradation of nanos mRNA in the somatic cells (Koprunner et al., 2001) . In mice, however, little is known about the regulation of the translation and localization of nanos mRNA in germ cells by the nanos-3 0 UTR. In the mouse, the germ cells originate from primordial germ cells (PGCs) that are first specified at embryonic day (E) 6.5-7.0 (Ginsburg et al., 1990; Saitou et al., 2002) . PGCs proliferate and migrate from the base of the allantois through the hindgut and reach the genital ridges at about E11.5 (Bendel-Stenzel et al., 1998) . They then become mitotically arrested at E13.5 in the male gonads. Male germ cells, during this period of quiescence, are referred to as gonocytes and are positioned in the center of the testicular cord. By postnatal day (P) 2-3, the majority of the gonocytes resume proliferation and by P6 all have migrated to the basement membrane (Nagano et al., 2000) . At this time, the gonocytes differentiate into spermatogonia and spermatogenesis is thus initiated.
We have previously reported that nanos2 is specifically expressed in male germ cells and that the targeted disruption of this gene results in the complete loss of these cells . Since, nanos2 mRNA has a long 3 0 UTR, we became interested in the possible function of this region in either RNA stability or translational control. To address this question, we knocked in the lacZ gene, with or without endogenous nanos2-3 0 UTR sequences, at the nanos2 allele and then monitored LacZ expression. Interestingly, the reporter gene activity was enhanced by the use of endogenous nanos2-3 0 UTR in male germ cells, which enables us to monitor nanos2 expression during spermatogenesis. We found that nanos2 was expressed in all gonocytes but that this expression becomes restricted in cells localized in the periphery of the seminiferous tubules after birth. Furthermore, we generated mutant mice missing the nanos2-3 0 UTR and found that the nanos2-3 0 UTR might be important for the translational control of nanos2 expression during spermatogenesis. In addition, our observation of these mice indicated that nanos2 is critical for the maintenance and differentiation of gonocyte/spermatogonia after birth.
Results
2.1. The expression levels of the LacZ reporter gene are influenced by the nanos2-3 0 UTR in knock-in mice
To examine the possible functional role of the nanos2-3 0 UTR during development, we generated two different LacZ-knock-in mice. One was generated by knocking in a LacZ gene construct containing a exogenous SV 40 poly(A) signal in place of the endogenous nanos2 (this line has already been reported in our previous study and we refer to this allele as nanos2 L ). The other knock-in that we generated was designed to include the endogenous nanos2-3 0 UTR (Fig. 1A) and we refer to this allele as nanos2
Homozygous mice generated from both lines were found to be healthy but to be completely lacking in male germ cells, as reported previously . Using the heterozygous mice, we compared the reporter activities during embryogenesis and spermatogenesis. Although no phenotype was observed for nanos2-null oocytes, nanos2 was found to be maternally expressed ( Fig. 2A ) in a similar manner to nanos1 . In situ hybridization studies revealed the presence of mRNA in the growing oocyte and in one cell stage fertilized eggs, but the signal was observed to disappear quickly after the first cell division.
We initially compared b-gal expression in the eggs derived from our female knock-ins. These expression levels could be easily detected as a few dots in nanos2 C/L eggs, but no signal was detectable in nanos2 C/L-3 0 UTR oocytes (Fig. 2B ), although lacZ mRNA was expressed at an identical level in both oocytes (Fig. 2C ). This indicated that the translation of endogenous nanos2 may be suppressed by its 3 0 UTR. However, the reverse phenomenon was observed during male germ cell development. In the embryonic gonads, nanos2 is specifically expressed in male germ cells and peaks at E15.5, as shown in Fig. 2D . However, the b-gal reporter activity is detectable over a longer period in nanos2 (Fig. 2D ). This prolonged b-gal activity is likely to be due to posttranscriptional regulation as we did not alter either the promoter or enhancer regions of the targeting constructs. To further examine this, we first compared the stability of the reporter transcripts between nanos2 by RT-PCR. As shown in Fig. 2E and F, the expression of the lacZ transcripts was not abnormally maintained in the nanos2 C/L-3 0 UTR gonads and the expression patterns were in fact similar to endogenous nanos2 mRNA. We then compared the expression levels of the b-gal protein by Western blotting (Fig. 2G ) and observed that these levels are higher in the nanos2
0 UTR than that of nanos2 C/L gonads. Since, we introduced identical coding sequences for the lacZ gene into the genomes of these mice, we conclude from these data that the stability of b-gal activity is due to differences in translational efficiency and that this is mediated by the nanos2-3 0 UTR.
nanos2 expression becomes restricted to the spermatogonia after birth
Clear differences in the reporter activities between the nanos2 C/L and nanos2
0 UTR knock-in mice were still observed after birth. The prolonged expression of b-gal in the nanos2 C/L-3 0 UTR mouse enabled us to monitor the changes in the distribution of the nanos2-expressing cells. We thus analyzed sections of the male gonads and testes that were stained with X-gal (Fig. 3) . All of the germ cells expressed b-gal in the embryonic gonads, and these expression levels declined gradually after birth. However, at P5 and P7, when the gonocytes became localized in the periphery of the seminiferous tubules, the levels of b-gal expression increased again and became restricted to only a few cells. Thereafter, b-gal expression was confined to a particular subset of spermatogonia that are distributed on the periphery of the seminiferous tubules (Fig. 3 ). These observations suggest that nanos2 is required for not only the survival of gonocytes but also spermatogenesis.
nanos2-3 0 UTR is an important element for normal spermatogenesis
We previously reported that the nanos2-null mouse is completely devoid of germ cells by the fourth week after birth . Our current experiments suggest that the nanos2-3 0 UTR is involved in the translational regulation of the nanos2 protein during male germ cell development, and that this might affect the quantitative control of nanos2. To ascertain the possible in vivo role of the nanos2-3 0 UTR, we generated a mouse line which lacks this 3 0 -UTR regions but contains an intact nanos2 coding sequence with a substituted exogenous poly(A) signal ( Fig. 4A-C) . We first examined homozygous female gonads and ovaries because abnormal development might be anticipated in these progeny due to the lack of translational repression (Fig. 2B ). However, we did not observe any morphological changes in these ovaries and the homozygous females were found to be fertile (data not shown).
Homozygous nanos2 pA/pA male mice were also found to be both healthy and fertile, which was somewhat unexpected. However, a histological examination of the nanos2 pA/pA testes revealed defects in spermatogenesis (Fig. 5 ). During the embryonic stages up to E18.5, we did not observe any reduction in the number of germ cells (Fig. 5E ). We did however observe a transient reduction in these cell numbers at about 2 weeks after birth and many germ-cell-deficient seminiferous tubules could be observed, although spermatogonial cells appeared to be retained in the periphery in most cases (Fig. 5H) . Interestingly, these defects gradually recovered thereafter and finally became indistinguishable from wildtype littermates at 6 weeks after birth (Fig. 5N ).
Since, we had found from our current experiments that the 3 0 UTR of nanos2 is required for efficient protein translation in the male gonads, we expected that a reduction in the dosage of nanos2 might induce a more severe phenotype. To address this question, a nanos2 pA/pA mouse was crossed with a nanos2 C/L mouse to generate nanos2 pA/L , in which the nanos2 protein levels were anticipated to be low (Fig. 5C ). At E18.5, some germ cells were localized outside of testis cords and we noticed the reduction in the cell number (Fig. 5F ). Furthermore, during spermatogenesis in the nanos2 pA/L mice, a more severe reduction in the number of germ cells was observed after birth, and this was not recovered at 6 weeks after birth in these animals (Fig. 5I, L, O) . However, after 5 months, we found considerable recovery in the nanos2 pA/L mice with some variation. These observations strongly indicate that the levels of nanos2 protein are important for the early spermatogenesis and that the nanos2-3 0 UTR is required for the translational regulation of nanos2.
Gonocyte/spermatogonia in nanos2
pA/pA and nanos2 pA/L testes undergo apoptosis
Our previous studies indicated that in nanos2-null mutant, apoptotic cells were observed in male gonads after E15.5 . To determine whether the reduction in the number of germ cells is due to apoptosis in nanos2 pA/pA and nanos2 pA/L testes, terminal deoxynucleotidyltransferasemediated deoxyuridine triphosphate nick end labeling (TUNEL) analysis was carried out. At E18.5, TUNEL-positive cells were observed in nanos2 pA/L mice (Fig. 6B , arrowhead) but were not observed nanos2 pA/pA mice (data not shown). After birth, it is shown that apoptotic cell death is accompanied with the normal spermatogenesis in wild-type testes (Rodriguez et al., 1997; Wang et al., 1998) . However, we observed more tubules with TUNEL-positive cells in nanos2 pA/L and nanos2 pA/pA testes at 1 week after birth compared with the wild-type (Fig. 6C , D, G and data not shown). In 3-week-old testes, the number of TUNEL-positive cells was not significantly different between wild type and nanos2 pA/L mice (Fig. 6E, F and G) . These results indicate that the defects in nanos2 pA/pA and nanos2 pA/L testes were caused by apoptosis of gonocytes in the embryonic gonads and spermatogonia in neonatal testes. In nanos2 pA/L testes, the defects are more severe than those of nanos2 pA/pA testes. We observed more apoptotic cells in nanos2 pA/L testes compared with nanos2
pA/pA testes (data not shown). These observations also indicate that the levels of nanos2 protein are important for spermatogenesis.
Spermatogenesis is recovered by spermatogonial cells survived in the nanos2
pA/L mice
We further focused on the phenotype of the testes in nanos2 pA/L mice to address the cause of the rescue of germ cell deficiency in the later stage. We can find at least three different kinds of germ-cell-deficient tubules in the 3-week-old testes of nanos2 pA/L mice, (1) those in which only a few spermatogonia exist (Fig. 7B, asterisk) , (2) those in which more spermatogonia are localized on the periphery (Fig. 7C , asterisk) and (3) those in which a few spermatocyte are also observed in addition to spermatogonia (Fig. 7D, triangle) . These kinds of tubules were also observed in the 2-week-old testes of nanos2 pA/pA mice and in the 2-and 6-week-old testes of nanos2 pA/L mice (Supplementary Table S1 ). Next, we investigated the cellular developmental stage by immunostaining using antibody against SCP3, which is synaptonemal complex protein and is restricted to zygoten to diplotene spermatocyte (Chuma and Nakatsuji, 2001 ). In seminiferous tubules, which are shown by asterisk in Fig. 7B and C, SCP3-positive cells were not detected (asterisk in Fig. 7F) , while in tubules shown by triangle in Fig. 7D , SCP3-positve cells were observed, indicating that meiosis was initiated in these tubules (triangle in Fig. 7F ). Thus, it is conceivable that spermatogonia that survived in the embryonic stage have full ability to undergo normal spermatogenesis. After birth, b-gal-positive cells (nanos2-expressing cells) become to be restricted in the particular population of spermatogonia. We examined the distribution of b-gal-positive cells in nanos2 pA/L testes. b-gal-positive cells were normally localized on the basement membrane even in tubules, which were depleted of developing spermatocytes (Fig. 7G ). These observations suggest that b-gal-positive gonocytes remained in embryonic nanos2 0 UTR and nanos2 pA mice. RT-PCR was performed using the indicated primers. The expression levels of nanos2 mRNA is similar between nanos2 pA/pA and nanos2 C/C testes.
spermatogonia after birth and the spermatogonia might include the stem cell population.
Discussion
During embryogenesis, gene expression is regulated at both the transcriptional and post-transcriptional level. The posttranscriptional regulation of nanos expression is a common mechanism among Drosophila, Xenopus and zebrafish, in which the 3 0 UTR of this gene plays a major role (Kloc et Closed boxes indicate the nanos2 coding region; the blue box designates the lacZ gene; yellow boxes indicate the nanos2-3 0 UTR; red boxes denote the bovine growth hormone poly(A) signal and the open box indicates the SV40 poly(A) signal. Sections were prepared from E18.5 (D-F), and from 2 (G-I), 3 (J-L) and 6-week-old (M-O) testes. Germ cells were stained with TRA104 antibody, which recognizes an antigen in the nuclei of gonocyte and sperpermatogonia. The signal is detected strongly in gonocytes and spermatogonia, but is also observed weakly in spermatocytes and spermatids. In the nanos2 pA/pA testes, some germ-cell-deficient seminiferous tubules were observed in 2-3 week old testes (asterisks in H and K). However, the defect is recovered by 6 weeks. The dosage effect was observed in the nanos2 pA/L testes, in which the germ-cell-deficient tubules were increased at 2-3 weeks (asterisks in I, L) and not recovered by 6 weeks (O). Scale bars, 100 mm.
cannot detect any obvious similarities in either the primary or secondary structures of the nanos2-3 0 UTR. At the present time, the function of the nanos3-3 0 UTR has not been analyzed but this region has no sequence similarity with nanos2-3 0 UTR.
However, there are indications of some sequence preservation among the putative nanos2 homologs (Supplementary Fig. S1 ).
Our present experiments indicate that the 3 0 UTR of nanos2 gene plays a role in the enhancement of the translational efficiency, but does so via an unknown mechanism.
We have previously shown that maternally derived nanos1 is detectable in the oocyte . We have also found that nanos2 transcripts are expressed maternally in the oocyte. A comparison of the b-gal expression patterns in two types of lacZ knock-in mouse showed that b-gal activity could be detected in the nanos2 C/L oocytes but this was not evident in nanos2 C/L-3 0 UTR . This indicates that the translation of nanos2 RNA is repressed in the oocyte and that this repression is mediated by its 3 0 UTR. Moreover, although a defined consensus sequence was not evident in the nanos2-3 0 UTR, we did identify a number of CPE (cytoplasmic polyadenylation element) -like sequences, which have previously been implicated in translational regulation, in the pA/L testes (* indicates P!0.05). Scale bars, 100 mm.
nanos1 and nanos2-3 0 UTRs (Supplemental Fig. S1 ). In the Xenopus and mouse oocytes, mRNAs that contain a CPE sequence are translationally dormant and reside in a complex comprising the CPE-binding protein (CPEB), maskin and eIF4E (Mendez and Richter, 2001; Tay et al., 2003) . Hence, nanos transcripts may be regulated by CPEB-mediated repression in the oocyte. Nevertheless, there are no obvious functions for maternally supplied nanos mRNAs in the mouse since nanos1 and nanos2 double-null eggs show no abnormalities (data not shown). The dosage-dependent defects in nanos2 pA testes indicate that the levels of the nanos2 protein are important for spermatogenesis. A comparison of the activities and the protein levels of b-gal, with or without the nanos2-3 0 UTR, reveals that these levels are higher in the nanos2
C/L gonads and testes. These results suggest that the nanos2-3 0 UTR is involved in the translational regulation of the nanos2 protein during male germ cell development, and that this might affect the quantitative control of nanos2. Hence, we expected a lower translational efficiency in the mouse line nanos2 pA/pA , which lacks the endogeneous 3 0 UTR. Those were milder than expected but distinct defects were observed in nanos2 pA/pA and nanos2 pA/L testes at about 2 weeks after birth and at E18.5, respectively ( Fig. 5H and F) . TUNEL assay demonstrated that the apoptotic cells were significantly increased from 1 week after birth in nanos2 pA/pA testes and from E18.5 in nanos2 pA/L testes, indicating that a dosedependent defect in the germ cell development. These results suggest that the defects in these mice are caused by apoptosis of gonocytes in the embryonic gonads and gonocytes/spermatogonia in neonatal testes. However, the abnormalities in spermatogenesis were gradually recovered in nanos2 pA/pA testes. Even in nanos2
pA/L testes, the defects were recovered although it took more time compared with nanos2 pA/pA testes. This suggests that the first round of spermatogenesis is mainly affected but the subsequent round of spermatogenesis proceeds normally. There are unaffected tubules both in the nanos2 pA/pA and nanos2 pA/L testes, indicating that defects may be induced only when those protein levels have decreased below a critical level. Although we could not define the actual mechanism of the translational control involved in the nanos2-3 0 UTR, it is speculated that nanos2-3 0 UTR might increase translational efficiency of nanos2 mRNA in male germ cells. The molecular mechanism of this postulated new role of nanos2-3 0 UTR in translational control is currently under investigation. We found that nanos2 was also expressed in spermatogonia in adult testes. Although spermatogenesis was affected in the hypomorphic nanos2 allele in the current study, we cannot clarify whether nanos2 is required for subsequent rounds of spermatogenesis as well as the first round of spermatogenesis. Conditional knock-out or overexpression experiments of nanos2 in vivo might help in understanding the function of nanos2 in mouse spermatogenesis. Furthermore, the current study revealed that nanos2 was specifically expressed in a small population of spermatogonial cells located in the periphery of the seminiferous tubules and never been expressed in the differentiating spermatocytes. Recently, Yoshida et al. (2006) demonstrated that the second round spermatogenesis was initiated by spermatogonia that started expressing neurogenin3 (ngn3) around P3-P4. Although nanos2 was expressed all gonocytes in embryonic gonads, its expression level was reduced gradually after birth and again increased around P5 as well as ngn3 (Fig. 3) (Yoshida et al., 2006) . It would be critically important to identify the property of nanos2-expressing cells in adult testes to know whether the expressing cells contain spermatogonial stem cells or not. In addition, we find that nanos3 is also expressed in gonocytes and spermatogonia as similar to nanos2. nanos3 may also play a role in the maintenance and differentiation of germ cells in spermatogenesis.
Experimental procedures

Generation of knock-in mice
The method used to generate the nanos2 C/L mouse and its subsequent characterization have been previously described . A similar targeting strategy was employed to generate nanos2 C/L-3 0 UTR and nanos2 C/pA mice. Briefly, for construction of the nanos2 C/L-3 0 UTR , a targeting vector was constructed using two homologous fragments of 1.3 kb (Sma I-Nco I) and 4.5 kb (EcoR I-Xho I), obtained from a BAC clone derived from a 129Sv BAC library. The LacZ coding sequence with a contiguous nanos2-3 0 UTR (Kpn IEcoR I 1.0 kb fragment) was inserted into the translational start site of the nanos2 coding region, using an Nco I site. The linearized vector (25 mg) was then electroporated into RI ES cells (Nagy et al., 1993) . To generate nanos2
C/ pA , a targeting vector was constructed using two homologous fragments of 1.5 kb (EcoR I-Nco I) and 6.2 kb (EcoR I-Hinc II) from a BAC clone derived from a C57BL/6J female BAC library. The nanos2-3 0 UTR was replaced by a bovine growth hormone poly (A) signal, leaving the coding region intact. The linearized vector (25 mg) was then electroporated into TT2 ES cells (Yagi et al., 1993) . G418-resistant cell clones were further selected by PCR. Correct homologous recombination was confirmed by Southern blot analysis and targeted cell clones were aggregated with ICR 8-cells and transferred to pseudopregnant female recipients. The resulting chimeric mice were bred with ICR females. Germline transmission of the targeted allele was confirmed by PCR. The floxed neomycin cassette was later removed by breeding with a CAG-Cre transgenic mouse (Sakai and Miyazaki, 1997) .
Mouse genotyping
The primers N2-SA-F1 (5 0 -GCTGGTTAGGTAGCTCAGCG-3 0 ) and hspZ-RS (5 0 -GCCATTCAGGCTGCGCAA CTG-3 0 ) were used for the detection and screening of the nanos2 neo-L-3 0 UTR allele. The primers N2-SA-F1 (above) and bghpA-R1 (5 0 -AGGCACAGTCGAGGCTGATC-3 0 ) were employed to detect and screening the nanos2 neo-pA allele. Following Cre-excision, the primers 3 0 -lacZ (5 0 -GGAGCC CCGTCAGTATCGGCGGAATT-3 0 ) and N2-3 0 U-R2 (5 0 -CCGAGAAGTCATCACCAG-3 0 ), and bghpA-F1 (5 0 -GATC AGCCTC-GACTGTGC-3 0 ) and N2-LA-R1 (5 0 -TCCCAGTCAGACGACTTG-3 0 ) were used to detect the nanos2 L-3 0 UTR and nanos2 pA alleles, respectively. For the detection of the wild-type allele, the mNos2-F4 (5 0 -ACAGCAGTCAG-CAGTCTC-3 0 ) and N2-3 0 U-R2 (above) primers were used.
RT-PCR
Total RNA isolates from male gonads and testes were prepared using an RNeasy Mini Kit (Qiagen). The following PCR primer pairs were used for amplification of nanos2 and lacZ: nanos2-F: 5 0 -AACTTCTGCAAGCA-CAATGG-3 0 ; nanos2-R: 5 0 -CCGAGAAGTCATCACCAG-3 0 ; lacZ-F: 5 0 -TTGCCGTCTGAATTTGACCTG-3 0 ; lacZ-R: 5 0 -TCTGC TTCAAT-
The expression levels of nanos2 in nanos2 C/C , nanos2 C/pA and nanos2 pA/pA mice were detected by PCR using the following primers: nos2-F1 (5 0 -AACTTCTGAAGCACAA TGG-3 0 ) and N2-3 0 U-R2 (5 0 -CCGA-GAAGTCATCACCAG-3 0 ) for nanos2 with an endogenous 3 0 UTR, and nos2-F1 (above) and bghpA-R1 (5 0 -AGGCACAGTCGAGGCTGATC-3 0 )
for nanos2 with a bovine growth hormone poly (A) signal. Control PCR amplification reactions were performed using primers for glyceraldehyde-3-phosphate dehydrogenase (G3PDH): G3PDH-F: 5 0 -ACCACAGTCCATGC-CATCAC-3 0 ; G3PDH-R: 5 0 -TCCACCACCCTGTTG CTGTA-3 0
In situ hybridization
In situ hybridization analysis of oocytes and fertilized eggs was performed essentially as described previously , using BM purple (Roche) as the substrate for alkaline phosphatase. The template used for probe preparation was nanos2 (accession number AB095972, 427-1378).
X-gal staining and immunohistochemistry
For X-gal staining, specimens were fixed in a solution containing 2% PFA, 0.2% glutaraldehyde and 0.02% NP-40 in PBS, and stained for the detection of b-galactosidase activity as described previously (Saga et al., 1992) . X-gal stained gonads and testes were then embedded in paraffin, sectioned (6 mm) and counterstained with Nuclear Fast Red. For immunohistochemistry using TRA104 (Tanaka et al., 1997) , testes and male gonads were fixed in Bouin's solution and embedded in paraffin. Sections (6 mm) were then stained with TRA104 (1:10) and subsequent detections were performed using the Vectastain ABC kit (Vector Laboratories). Each section was counterstained with Hematoxylin. For immunohistochemistry using anti-SCP3 antibody, testes were fixed in 4% paraformaldehyde and embedded in the O.C.T compound (Tissue-Tek). Cryosections (10 mm) were then stained with anti-SCP3 antibody (1:500) and subsequent detections were performed using Alexa Fluor 488-conjugated goat anti-rabbit IgG (Molecular Probes). Staining for DNA was performed with 4 0 , 6-diamidino-2-phenylindole dihydrochloride (DAPI) (Sigma).
TUNEL assay
TUNEL assays were performed on 4% paraformaldehyde fixed paraffin embedded sections according to the manufacturer's instructions, using an ApopTag Peroxidase In Situ Apoptosis Detection Kit (Chemicon). The sections were counterstained with hematoxylin. The number of TUNEL-positive cells was counted for four testis sections of each age analyzed and averaged. Mean difference of the number of apoptotic cells between experimental groups was compared by Student's t-test.
Western blotting
Total cell extracts were prepared from gonads, processed for standard Western blotting analysis and then probed with anti-b-galactosidase antibody (1:500, NeoMarkers). Anti-actin antibody (1:2000, Sigma) was used as an internal control. The detection of immunoreactivity was performed using an ECL kit (Amersham) according to the manufacturer's instructions.
